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SUMMARY 

This  Note  records  the  results  of  six  static  detonations  of  an  experi¬ 
mental  -type  of  continuous -rod  warhead,  with  ^  inch  square -section  rod  element 
against  stationary  airframe  and  turbo-jet  engine  targets  at  ground  lev©l.  An* 
indication  of  the  terminal  kill  probabilities  against  various  aircraft 
structures  and  engines  is  given. 

The  warhead  is  shown  to  be  capable  of  inflicting  lethal  damage  on  most 
forms  of  airframe  structure,  under  generally  favoiarable  conditions  of  attack 
at  distances  up  to  about  AD  ft  from  the  burst  position,  and  also  of  causing 
sufficient  damage  to  put  individual  jet-engines  out  of  action. 

In  general,  it  appears  that  the  ^  inch  square -section  continuous -rod 
warhead  -  as  tested  -  is  capable  of  achieving  a  reasonable  standard  of 
terminal  lethality  against  airframe  structures  and  power  plants. 
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1 


INTRODUCTION 


1.1  During  development  teials  of  various  "second-generation"  warheads  for 

guided  missiles,  firings  vrere  made  with  ejqjerimental  continuous- 
rod  warheads  against  a  number  of  static  aircraft  targets.  These  warheads 
h^  been  developed  as  research  items,  and  the  firings,  which  were  part  of 

the  nonnal  development  trials  conducted  by  A.R.D.E.,  were  used  to  provide 
data  on:- 


(a)  The  vulnerability  of  aircraft  structures  and  gas-turbine  engines 

to  this  form  of  attack,  and 

(b)  The  terminal  lethality  of  this  type  of  warliead. 


reported  in  this  Note  were  of  six  similar  warheads  incorpo- 
X  4  inch  cross-section  rods.  The  firings  were  made  by  the 
P.E.E.,  Shoeburyness,  during  1957. 

Results  of  similar  trials  with  warheads  having  ^/l6  inch  x  ^/l6  inch 
cross-section  rods  have  been  recorded  in  an  earlier  Note^. 

2  DESCRIPTION  OF  V7ARHEAD 


2.1  A  continuous-rod  warhead  consists  of  a  charge  of  H.E.  surrounded  by  a 
l^ge  number  of  short  rods  of  steel.  Each  rod  is  joined,  by  welding  at  the 

w  w  ^orm  a  continuous  length.  Under  the  forces  of  the 

tt.Ji.  detonation,  the  rod  structure  expands  outwards  forming  a  "zig-zag"  ring 
of  ever  increasing  diameter,  until  a  maximum  size  is  reached  and  the  ring 
breate  up.  The  maximum  size  of  the  continuous  ring  is  defined  as  the 
^ajCLmum  Hoop  Roxiius'*^  and  is  givan  by: 

M.H.R.  =  (nt  -  total  length  of  'welds)/27i 

where :  n  =  the  total  number  of  rods 

C  =  the  length  of  a  single  rod  (all  rods  of  equal  length),  • 

^  practice  however,  the  rod  tends  to  break  up  before  this  theortical  radius 

IS  reached.  At  the  commencement  of  the  trials  it  was  considered  by  A.R.D  E 

that  with  this  particular  warhead,  rod  hoop  continuity  should  be  obtainable  * 
up  to  about  66fo  the  M.H.R.  uu^oinaoxe 


^  trials  were  made  to  A.R.D.E.  design 

o.5o/76<i/GE.  A  view  of  one,  erected  ready  for  detonation,  is  shown  in  Pig.1 

overall  length  and  diameter  of  this  warhead  were  14.8  inches  and 
respectively,  and  it  had  a  total  filling  weight  of  26  lb  RDX/TNT 
O/24O.  The  steel  rod  itself  was  of  ^  inch  x  ^  inch  cross-section,  and  a 
total  of  2I4O  rods  were  joined  together.  Central  initiation  was  adopted 
using  a  No. 35  electric  detonator.  The  M.H.R.  of  this  warhead  was  stated  to 

he  37.3  feet,  so  that  a  maximum  continuous  hoop  of  at  least  25  feet  radius 
was  anticipated. 


3  TARGSITS 

3.1  The  number  of  suitable  targets  available  for  the  trials  was  limited 
but  because  of  the  localised  nature  of  the  damage,  it  was  possible  to  use* 
soiTO  specimens  m  more  than  one  layout.  For  the  same  reason,  targets  that 
had  received  local  damage  in  trials  with  other  weapons  were  also  used 

S^tSse^SSs  ^  targets,  including  12  jet-engines,  were  used 
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possible,  targets  similar  to  those  used  for  previous  trials  with 
:?/l6  inch  X  V16  inch  rods,  were  employed  in  order  to  obtain  a  comparison  of 
the  d^aging  effects  of  the  two  sizes  of  rod.  The  results  of  this  comparison 
nav©  been  recorded  in  a  previous  paper 


3*3  Valiant,  Victor,  Javelin,  Pairey  Delta,  Ccanet  and  V.IOOO  aircraft 
structural  con5)onents  were  attacked  in  order  to  determine  the  resistance 
to  damage  by  structures  of  fairly  modern  design.  Lancaster  aircraft  rear 
centre  portions  of  fuselage,  Lancaster  wings,  and  RltB  replica  wing  targets 
which  incorporate  concentrated  load  carrying  members  in  the  form  of  heavy  * 
longerons  or  spar  booms,  were  used  to  determine  the  resistance  of  these 
items  to  rod  attack.  Lancaster  wing  segments  containing  fuel  tanks,  and 
modified  fuselage  sections  with  replica  tanks  containing  water  in  lieu  of 
fuel  were  also  attacked,  to  investigate  the  effects  of  hydraulic  shock  waves 
initiated  by  rod  ^act.  Some  targets  were  inclined,  at  fairly  acute  angles 
to  the  line  of  flight  of  the  rods,  to  determine  the  tendency  of  the  rods  to 
ricochet  at  fine  angles  of  attack.  Spitfire  wings  were  included,  since  they 
have  a  relatively  tough  leading-edge  to  investigate  the  effects  of  rods 
approaching  from  the  head-on  direction. 


3.4  Derwent,  Goblin  and  Avon  jet-engines  (unserviceable  and  non-running) 
were  included  in  the  layouts  in  order  to  obtain  an  indication  of  their 
wilner ability  to  rod  attack.  The  targets  used  in  the  six  individual  layouts 
are  recorded  in  Pigs. 2  to  7  inclusive. 

4  TRIALS  programme 


4.1  For  each  of  the  six  firings,  a  number  of  targets  consisting  of  various 
aircraft  sections  and  engines,  was  mounted  in  different  altitudes  in  a 
circular  layout  around  the  warhead.  Illustrations  of  two  typical  target 
arenas  before  firing  are  given  in  Pigs. 8a  and  8b.  In  most  cases  the  targets 
were  supported  by  means  of  guy-wires  or  scaffolding.  Whilst  in  each  indi- 

^  constant  distance  was  maintained  between  the  warhead  and 
the  impact  position  on  each  of  the  targets,  the  diameter  of  the  layout  was 
in  s^iccessive  firings,  varied  between  kO  ft  and  132  ft,  representing  burst* 
distances  between  20  ft  and  66  ft  from  the  target  (see  Pigs. 2  to  7).  These 
diameters  were  chosen  because  information  of  rod  continuity  and  rod  damaging 
potential  at  various  distances  above  and  below  the  M.H.R,  was  req.uired. 

4.2  The  warhead  was  detonated  electrically  by  the  firing  circuit  of  an 
Argon  Lamp  Chronograph,  which  was  xased  to  record  the  velocities  of  the  rods, 

4.3  The  damage  to  each  target  was  recorded  and  where  applicable  a  kill 
assessment  given  in  terms  of  category  'A',  i.e.  the  aircraft  will  fall  out 
of  control  within  five  minutes  of  being  hit.  The  assessments  of  airframe 
damage  were  based  on  structural  considerations  only,  no  allowance  being 
made  for  fi^^e  risks  or  con5)onent  damage.  Engine  assessments  were  based  on 
t^  probability  that  the  particular  engine  affected  would  cease  to  fxjnction 
within  five  minutes  of  being  damaged. 

5  RESULTS 


5.1  A  simimary  of  the  results  is  given  in  Table  1.  Details  of  the  damage 
caused  to  the  targets,  and  assessments  of  kill  probability,  are  given  in 
Table  2.  Typical  examples  of  damage  are  shown  in  Pigs.  9  to  117. 

5.2  Hoop  continuities  were  assessed  by  A.R.D.E.  representatives. 

5.3  The  rod  velocities  which  were  recorded,  were  within  the  range  3,050  ft/feec 
4 ^  ft/sec,  with  a  mean  value  of  3,390  ft/sec,  and  a  standard  deviation 

of  156  ft/sec.  It  is  en5)haaised  that  these  velocity  figures  are  average 
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values,  measured  over  the  distance  from  warhead  to  target.  Impact  velocities 
were  computed  to  be  within  the  range  2,700  ft/sec  to  3,W>  ftAec  with  a 
mean  value  of  3,130  ft/sec. 

6  DISCUSSION  OF  RESUI/PS 

6.1  The  results  of  the  trials,  as  summarised  in  Table  1,  indicate  that  the 
"type  of  4  inch  square-section  continuous-rod  warhead  under  consideration  can 
uMer  some  conditions  of  attack,  be  effective  against  airframe  structures  at* 
distances  up  to  about  1^0  ft  from  the  burst  point.  Beyond  the  itO  ft  radius 
the  effectiveness  of  the  rod  appears  to  be  very  much  reduced.  In  general  * 
rods  which  were  effective  at  20  ft  radius  were  equally  effective  at  40  ft! 

The  type  of  aircraft  structure,  whether  incorporating  concentrated  or  dis¬ 
tributed  load-carrying  members,  appeared  to  have  little  influence  on  the 
lethality  of  the  inch  square -section  rod,  though  it  should  be  noted  that 

in  the  case  of  some  structures  with  distributed  load-carrying  members  the 
^gets  tended  to  be  over-killed.  This  contrasts  with  the  results  of*previous 
tri^s  in  which  the  vl6  inch  square-section  rod  warheads  -  though  effective 
against  modern  structures  with  distributed  members  -  were  largely  ineffective 
against  the  older  types  having  concentrated,  load-carrying  members. 

6.2  The  influence  of  the  direction  of  attack  on  the  lethality  of  the  i  inch 
rod  is  shoTTO  both  in  the  Spitfire  wing  firings,  where  at  a  common  distance 
the  lethality  varied  from  zero  to  100A  for  tv/o  different  attack  conditions, 
and  in  the  fine  angle  attacks  against  "R^B"  replica  wing  targets,  where  * 
ricochet  occurred  at  33  ft  radius,  causing  no  significant  damage. 

6*3  Trials  against  the  targets  with  replica  fuel  tanks,  containing  water 
showed  that  the  pressure-wave  set-up  by  the  passage  of  the  rod  tends  to  * 
increase  the  extent  and  severity  of  the  damage  inflicted. 

6.4-  It  must  be  emphasized  that,  in  most  of  the  trials  against  airframe 
structures,  ''sin5)le"  conditions  of  attack  were  imposed,  i.e.  attacks  at 
normal  to  the  surface  concerned.  Thus,  in  practice,  results  might  be 
expected  to  be  somewhat  less  favourable  to  the  warhead  than  indicated  from' 
the  trials. 

6.5  The  inch  rod  warhead  proved  fully  effective  against  Derwent  engines 
at  20  ft  and  25  ft  radius,  Gtoblin  engines  of  25  ft  and  40  ft  radius,  and  Avon 
at  33  ft  and  66  ft  radius.  It  is  likely  that  most  fair  hits,  at  up 
to  66  ft  radius,  on  a  running  turbine  engine  by  even  a  moderate  length  of  rod 
woxiLd  cause  damage  sufficient  to  stop  that  engine. 

7  CONCLUSIONS 

7«1  The  type  of  warhead  considered,  with  ^  inch  square -section  continuous- 
rod  element,  appears  capable  of  inflicting  lethal  damage  on  most  forms  of 
airframe  structure  under  favourable  conditions  of  attack.  This  applies  to 
targets  up  to  about  40  ft  from  the  bixrst  point,  though  the  theoretical  maximum 
continuous -hoop  radius  of  the  warhead  is  only  about  37  ft.  It  is  largely 
independent  of  the  type  of  airframe  structvire  involved  -  whether  the  primarv 
structural  memlTfirs  are  concentrated -or  distributed.  The  severity  of  the  damage 
tends  to  be  jyeater  when  tt^  rod  enters airi'rame  which  is  lar^lv 
by  liquid  filled  tanks.  - - - - * - — 

7.2  Strikes  on  turbine  engines  are  effective  at  distances  up  to  40  ft  from 
point,  and  it  is  likely  that  a  fair  hit  by  even  a  moderate  length 
of  Tiroken"  rod,  at  almost  any  position  on  a  running  engine,  at  a  distance 
up  to  66  ft,  would  cause  damage  sufficient  to  stop  the  engine. 
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7.3  In  general,  it  appears  that  the  ^  inch  square-section  continuous -rod 
warhead  -  as  tested  -  is  c  apable  of  achieving  a  reasonable  standard  of 
terminal  lethality  against  airframe  structures  and  power  plants.  Its  per¬ 
formance  under  some  more  difficult  conditions  of  attack  has  yet  to  be 
established. 

8  FURTHER  Y/ORK 

8.1  Further  investigations,  with  various  cross-sectional  sizes  of  rod 
are  proposed  against  more  complex  targets  and  under  more  difficult  conditions 
of  attack.  Also,  an  endeavour  will  be  made,  in  conjunction  with  A.R.D.E. 
to  determine  Rod  Damage  Laws. 
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TABLE  1 


Sunmary  of  results  of  trials 


Distance  of  Target,  from  position 
of  detonation:- 

Lethality  of  Warhead  ^ 

( Category  "A"  Damage) 

20  ft 

;  25  ft 

;  33  ft 

ho  ft 

1  66  ft 

STRUCTURAL  TARGETS 

(a)  with  distributed  load  -  carrying 
members 

Valiant  fuselage: 

Valiant  wing: 

Vickers  1000  fuselage: 

100A 

loot 

100A 

0  :  0 

Victor  wing: 

100A 

100A 

100A 

Falrey  Delta  airframe: 
comet  wing: 

100A 

100A 

0 

Javelin  wing: 

0 

(b)  With  concentrated  load  -  carrying 

members 

Spitfire  wing.  Attack  from  below: 

100A 

Spitfire  wing.  Attack  from  ahead: 

0 

Lancaster  fuselage  (Empty): 

Lancaster  fuselage  (with  tanks 

100A 

100A 

100A 

0 

containing  water): 

100A 

100A 

Lancaster  wing  (Empty): 

Lancaster  wing  (with  tanks 

50A 

0 

containing  water: 

100A 

Replica  wing  (at  normal): 

Replica  wing  (at  10®  angle): 

100A  100A 

0.  0. 

(Ricochet) 

ENGINE  TARGETS 

Den-wnt  (Centrifugal  flow  compressor): 

100A  100A 

1CX)A  100A 

Goblln  (  "  **  "  ): 

Avon  (Axial  flow  compressor): 

i 

10QA  100A 

100A  100A 

1 

100A  100A 

lOOA  lOOA 
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Technical  Note  No.  Mech.  Eng.26l 


TABLE  2 


Details  of  damage  to  aircraft  targets 


f 

I  Target 

Damage 

|A/b  KiU 
Assess¬ 
ment 

1  Valiant  A/C  Fuselage 

Target  3.  Layout  1. 
Radius  20  ft 

Impact  at  normal 
across  fuselage. 

50^  circumference  of  skinning  cut. 

More  than  50^  of  stringers  severed. 

Bomb  bay  wall  cut. 

100%A 

2  Valiant  A/C  Wing 

(a)  Target  4.  Layout  3. 
Radius  25  ft. 

InQ)act  at  normal  across 
wing  upper  surface 

100^  chordwise  cut  in  upper  surface 
skinning. 

All  upper  surface  stringers  severed. 

Front  spar  top  boom  and  recr  spar  top 
boom  severed. 

16  lower  surface  stringers  severed. 

Front  spar  lower  boon  flange  cut. 

(see  Fig. 9) 

loq^A 

• 

(b)  Target  1*..  Layout  if. 
Radius  40  ft. 

Impact  at  normal  across 
wing  upper  surface. 

55%  chordwise  cut  in  upper  surface 
skinning. 

44^  of  stringers  severed. 

Front  spar  top  boom  and  rear  spar  top 
boom  severed. 

77%  of  rear  spar  web  cut. 

^00%A 

3  V.1000  A/C  Fuselage 

(a)  Target  2.  Layout  6. 
Radiixs  66  ft. 

Impact  at  4-9°  to  normal 
across  fuselage . 

Cuts  totalling  114- in.  (approx.  2Qi% 
circumference;  in  skinning 

17  stringers  severed. 

5  frames  severed. 

0 

(b)  Target  1 .  Leyout  6. 
Radius  66  ft. 
j  Impact  at  normal 
j  across  fuselage. 

i  I 

Cuts  totalling  80  in.  (approx.  4^ 
circumference;  in  skinning. 

17  stringers  severed. 

3  frames  severed. 

5  floor  beams  severed. 

0 
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Technical  ;4ote  No.  Mech.  Eng.26l 


TASLS  2  (cont*d) 


Target 


Damage 


A/C  Kill 
Assess¬ 
ment 


h-  Pairey  Delta  I  A/C 

(a)  Target  1 .  Layout  3. 
Radius  25  ft. 

Impact  at  4.5°  to  normal 
along  wing  span 
Port  tank  ^  filled 
with  water. 


(b)  Target  1.  Layout  4. 
Radius  40  ft. 

Impact  at  45°  to  normal 
along  wing  span. 

Port  tank  5  filled 
with  water 


5  Spitfire  A/C  Wing 

(a)  Target  1.  Layout  1. 
Radius  20  ft. 

Impact  normal  to  wing 
from  45°  below  dead 
ahead. 

(b)  Target  2.  Layout  1 . 
Radius  20  ft. 

Impact  at  normal  to 
wing  leading  edge. 


Rod  cut  continuous  in  fuselage  upper 
surface  and  stringers. 

Rod  cut  continuous  across  starboard  wing 
upper  surface.  10  in.  removed  from 
front  spar  upper  boom  flange  with  a 
further  12  in.  crack.  4  ribs  severed 
and  one  10^  damaged. 

2  ft.  wide  row  of  fragpient  holes  across 
lower  surface  skinning. 

Rod  cut  continuous  across  port  wing 
i^per  surface,  with  a  hole  30  in.  x  20  in. 
at  the  root  end  and  skin  bulged  6  in. 
outwards. 

Two  chordwise  cracks  10  in.  and  16  in, 
in  skinning. 

Front  spar ,  top  boom  and  web  80^  severed. 

2  ft  wide  row  of  fragment  holes  across 
lower  surface  skinning,  (See  Fig, 10) 

16  in.,  10  in.  and  2^8  in.  cuts  in 
fuselage  upper  surface  skinning  with  6 
stringers  severed. 

Port  wing  fuel  tank  panel  detached. 

Front  spar  boon  80^  severed.  2  ribs 
severed. 

Fragnent  holes  in  lovrer  surface. 

46  in.  spanwise  cut  in  starboard  wing 
upper  surface.  Front  spar  boom  severed. 

3  ribs  severed.  Fragncnt  holes  in  lower 
surface . 


Wing  completely  severed  6.5  ft  from 
the  root  end.  (See  Fig, 11  (a)) 


18  in.  cut  in  leading-edge  skinning. 
(See  Fig.  11(b)) 


100^  A 


10(|SA 


6  Lancaster  A/C 
Fuselage 

(a)  Target  4.  Layout  1. 
Radius  20  ft. 

Impact  at  normal 
across  fuselage 


50^  circumference  of  skinning  cut. 

27  stringers  severed. 

One  longeron  cut  and  cracked.  Other 
longeron  505^  damaged. 


lOO^A 
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Technical  Note  No.  Mech.  Eng.26l 


TABLE  2  (oont*d) 


Target 

I 

Damage 

VC  Kill 
Assess¬ 
ment 

6  Lancaster  A/C 

Fuselage  (cont'd) 

(b)  Target  2.  Layout  3. 
Radius  25  ft. 

Impact  at  normal 
along  fuselage. 

Cut  continuous  for  length  of  target 
(20  ft)  in  skinning. 

All  franes  severed  (l5  off)  on  entry 
face  6  frames  also  severed  on  exit  face 

3  stringers  cut.  (See  Fig, 12) 

100^  A 

(c)  Target  2.  Layout  4. 
Radius  2*0  ft. 

Impact  at  normal 
along  fuselage 

Cuts  totalling  22*.  ft  in  skinning  along 
length  of  target. 

All  frames  severed  (15  off)  on  entry  face. 
5  frames  also  severed  on  exit  face. 

3  stringers  cut. 

100^  A 

(d)  Target  2.  Layout  5. 
Radius  33  ft. 

Fuselage  fitted  with 
simulated  fuel  tanks, 
i  filled  with  water. 
Impact  at  normal 
along  fuselage. 

Fuselage  side  cut  for  full  length  of 
target  and  opened  outwards  from  floor 
to  roof . 

WCfo  A 

(e)  Target  5.  Layout  6. 
Radius  66  ft. 

Impact  at  80®  to  normal 
aci'oss  fuselage. 

2  holes,  13  in.  x  2*.  in.  and  11  in.  x  12*.  in, 
in  skinning. 

Ricochet  graze  on  longeron. 

1  stringer  bent. 

0 

(f)  Target  6.  Layout  6. 
Radius  66  ft 

Fuselage  fitted  with 
simulated  fuel  tanks 
^  filled  with  water. 

Skinning  holed  18  in.  x  79  in.,  with 
longitudinal  seam  opened,  total  length  of 
damage  12  ft.  5  frames  con^sletely  severed, 
5  frames  partially  severed. 

3  stringers  completely  severed,  5 
stringers  partially  severed. 

100^  A 

7  Lancaster  A/C  ‘'.ITing 

(a)  Target  3.  Layout  2. 
Radius  25  ft. 

Impact  at  normal 
across  upper  surface. 

lOC^j  chordwise  cut  in  upper  surface  aind 
stringers . 

Flange  of  rear  spar  upper  boom  severed. 

^  in.  deep  groove  in  front  spar  upper  boom. 
Miscellaneous  holes  up  to  15  in.  x  12  in, 
in  lower  surface,  incliiding  8  stringers 
severed,  (See  Fig.13) 

50^  A 

(b)  Target  7.  Layout  6. 
Radius  66  ft. 

Impact  at  75°  to 

1  normal  across 
j  upper  surface. 

i 

2  cuts,  13  in.  and  12*.  in.  in  leading-edge 
skinning. 

2  ft  graze  plus  6.5  ft  cut  and  7.5  ft  cut 
in  inter spar  skinning. 

Front  spar  upper  boom  nicked  and  the  top 
of  2  ribs  cut. 

0 

10  - 
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Technical  Note  No.  Mech.  Eng.26l 


Ti'tBIiB  2  (cont*d) 


I 

Target 

! 

I  Damage 

-L  -  - 

'VC  Kill  j 
Assess¬ 
ment 

7  Lancaster  A/O  Wine 

(cont’d) 

! 

1 

I  (c)  Target  4-.  Layout  2. 
i  Radius  25  ft. 
i  Fuel  tanks  filled 
:  with  water . 

Impact  at  normad. 
across  upper  surface. 

Upper  surface  torn  and  bulged  32  in. 
outv^ards  for  55  in.  span. 

Rear  spar  upper  boom  5Q^  severed. 

Front  spar  upper  boom  grooved  i  in.  deep. 
Leading-edge  severed. 

Lower  surface  bulged  for  6  ft  span  with 
rivets  of  spanwise  centre- joint  sheaved. 
Gut  2-^  in,  X  1  in.,  from  flange  of  rear 
spar  lower  boom.  (See  Fig.15) 

100fj  A 

I 

8  RI4B  Replica  Target 

I 

(a)  Target  1.  Layout  2. 
Radius  25  ft. 

Impact  at  normal 
across  vjjper  surface 

1 0Oyii  chordwise  cut  in  i;5)per  surface  skinning 
8  stringers  severed,  and  one  75^  severed. 
One  I-beam  stringer  severed  and  other 

30^  severed  (upper  surface). 

Front  spar  upper  bocan  flange  cut  and 
rivets  sheared  in  leg  for  10  in.  span. 

Rear  spar  upper  boom  flange  cut. 
Miscellaneous  holes  in  lower  surface 
skinning. 

3  stringers  severed,  and  four  5(^ severed. 
Both  I-beam  stringers  (lower  surface) 

1%  severed.  (See  Fig.  15(a)) 

lOC^  A 

1 

(b)  Target  2,  Layout  2. 

1  Radius  25  ft. 

Impact  at  normal 
across  lower  surface  1 

100^  chordwise  cut  in  lower  surface 
skinning  with  all  stringers  and  I-beams 
severed. 

Front  spar  lower  boom  grooved  ^  in, deep. 
Rear  spar  lower  boom  grooved  f  in.  deep. 

2  stringers  severed,  three  50!?i:  severed 
and  one  80/L  severed  on  upper  surface 
which  was  holed  by  fragments. 

Front  spar  upper  boom  leg  severed  and 
split  for  42  in.  span.  (See  Fig. 15(b)) 

100^  A 

(c)  Target  3.  Layout  5. 
Radius  53  ft. 

Intact  at  80°  to 
normal  across  upper 
surface . 

Rods  ricocheted.  Tears  in  skinning 

7,  8,  12,  13,  15,  15  and  I6  in.  long. 

Holes  14  in.  x  3  in. ,  1^  in.  x  6  in. 

2  in.  X  4  in. 

0 

(d)  Target  4.  Layout  5. 
Radius  33  ft. 

Impact  at  80°  to 

1  normal  across  lower 

1  surface. 

Rods  ricocheted.  Interspar  skinning 
scored  by  rods,  almost  continuous  be  tv/een 
spars,  one  hole  2  in.  x  6  in. ,  and  some 
removal  of  rivet  heads.  T.E.  disrupted. 

i 

0 

i 

U,— ■  I 
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TABLS  2  (cont»d) 


I 

Target 

i  . . . 

Damage 

■A/t  Kill  1 
j  Assess- 
j  ment 

9  Victor  A/C  Wine 
j 

1 

(a)  Target  3.  Layout  3 
Radius  25  ft. 

Impact  at  normal 
across  upper  surface. 

Cut  continuous  aicross  upper  surface  (lOft). 
All  stringers  and  spar  upper  bocsns  (A  off) 
severed.  i 

Sandwich  skinning  on  lower  surface 
between  spars  severed  (33,  36  and  33  in.) 
i  Four  shatter  crsicks  up  to  2  ft  long. 

(See  Pig.  16) 

100?2  A 

1 

! 

i 

I 

1 

! 

1 

(b)  Target  3.  Layout  If. 
Radius  I+jO  ft. 

Impact  at  normal 
across  i;5)per  surface. 

Upper  surface:- 

First  spar  boom  severed,  plus  12  in.  cut 
with  12  stringers  severed. 

Second  spar  boom  severed,  plus  12  in.  cut 
with  2f  stringers  severed,  and  a  20  in. 
cut  with  9  stringers  severed. 

Third  spar  boom  severed  with  10  in.  span 
of  vreb  removed,  plus  23  in.  cut  with 

3  stringers  severed. 

Fourth  spar  boom  severed,  plus  21  in.  cut 
with  1  stringer  severed. 

Total  of  70^  chordwise  skinning  severed. 
Lower  surface : - 

First  spar  boom  severed,  plus  26  in.  cut 
with  9  stringers  severed. 

Two  fragnent  holes  5  in.  x  2  in.  and 

3  in.  X  2  in.  17  in.  cut  with  6  stringers 
severed. 

11  in.  cut  with  4  stringers  severed. 

13  in.  cut  with  5  stringers  severed. 

Total  of  50^  chordwise  skinning  severed. 

100^  A 

1 

\ 

1 

i 

1 

(c)  Target  1.  Layout  5. 
Radius  33  ft 

Impact  at  normal 
across  V5>per  surface 

Total  length  of  cuts  in  upper  surface  = 
23*75  ft  almost  continuous  across  chord. 
Outer  jet  pipe  frame  cut,  rear  spar  top 
boom  severed.  Mid-spar  top  boom  severed, 
and  front  spar  top  boon  leg  severed.  Rovr 
of  fragnent  holes  of  I30  in.  aggregate 
length  in  lower  surface  with  rear  spar 
lower  boom  10^  severed. 

lOC^  A 

i 

1 

i 

i 

< 

10  Comet  A/C  Outer  Win^ 

- 1 

1 

Target  3.  Layout  6. 
Radius  66  ft  | 

Intact  at  normal  j 

across  upper  surface.  [ 

1 

! 

' 

1 

64  in.  aggregate  of  5  cuts  in  upper  | 

surface  skinning  with  5  stringers  severed,  j 
Holes,  5  in.  x  3  in.,  3  in.  x  1  in.,  1 

5  in.  X  4  in. ,  6  in.  x  6  in.  and  ! 

14  in.  X  7  in.  in  loYfsr  surface  skinning 
with  2  stringers  severed. 

Front  spar  too  boom  severed. 

- - 1— - 1 

1  0 

i  • 
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TABLE  2  (cont’d) 


|-  Target 

I 

! 

!  Damage 

k/0  Kill 
Assess¬ 
ment 

11  Javelin  A/C  Wine 

Target  4.  Layout  6. 
Radius  66  ft. 

Impact  at  60°  to  normal 
across  upper  surface. 

18  in.  cut  with  top  of  2  ribs  severed, 
and  25  in.  cut  with  top  of  2  ribs  severed 
in  upper  surface  skinning. 

0 

j  12  Derwent  Jet  Engine 
i 

Engine 

Kill 

Assess¬ 

ment 

j  (a)  Target  5.  Layout  1. 
Radius  20  ft 

Impact  at  normal  along 
engine  axis. 

Nos. 3, 4, 5  and  6  combustion  chambers 
holed,  torn  or  buckled.  Wheelcase  holed. 
4  intake  supporting  struts  damaged.  13 
guide  vanes  damaged.  4  intake  guide 
rings  holed. 

Compressor  casing  damaged  and  holed. 

Nozzle  box  holed,  primary  and  main 
burner  fuel  lines  severed. 

100^  A 

(b)  Target  6.  Layout  1. 
Radius  20  ft 

In5)act  at  normal  across 
engine  axis. 

Nos. 5, 6,7,8  and  9  combustion  chambers 
holed,  torn  or  buckled,  Tvirbine  casing 
holed  and  rear  bearing  damaged. 

AOOfo  A 

(c)  Target  5.  Layout  2. 
Radius  25  ft 

Impact  at  normal,  45° 

,  across  engine  axis. 

1 

j 

H.P.  fuel  line  severed  in  4  places. 

L.P.  fuel  filter  damaged.  Nos.  1,2, 3  and 

6  combustion  chambers  holed  or  buckled. 

Oil  system  including  tank  badly  damaged. 
Compressor  casing  holed  and  damaged. 

(See  Pig. 17(a)) 

100^  A 

(d)  Target  6.  Layout  2. 
Radius  25  ft 

Impact  at  normal,  45° 
across  engine  axis. 

Fuel  line  to  No, 10  burner  severed.  Oil 
supply  pipe  to  bearings  severed. Nos. 

5, 6, 7, 8, 9  and  10  combustion  chambers 
holed  and  severed. 

Compressor  casing  holed  and  cracked. 

100^  A 

13  Groblin  2,  Jet  Enp^ine 

i  (a)  Target  5.  Layout  3. 
Radius  25  ft 

Impact  at  normal,  45° 
across  engine  axis. 

I 

i 

1 

t 

! 

Fuel  pipe  and  burner  ring  severed.  Oil 
pipes  to  front  bearings  severed.  Nos. 

8,12  and  13  combustion  chambers  holed  and 
severed.  Nos. 7, 9, 10,11  and  14  dented. 
Compressor  and  turbine  casings  holed  and 
damaged. 

1005^  A 

1  (b)  Target  6.  Layout  3. 

1  Radius  25  ft. 

!  Impact  at  normal  along 

I  engine  axis. 

H.P.  fuel  lines  severed.  Nos, 1 ,2, 3, 4,8 
and  16  combustion  chambers  holed  and 
distorted.  Compressor  casing  fractured. 
Turbins  casing  holed  and  damaged. 

100^  A 
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TABLE  2  (confd) 


Target 

I 

Damage 

Engine 

Kill 

Assess¬ 

ment 

13  Gk)blin  2.  Jet  Ens:ine 

- 

(cont'd) 

♦ 

(c)  Target  5.  Layout  4, 
Radius  2*0  ft. 

Impact  at  normal 
along  engine  axis. 

Nos. 8, 11, 12  and  13  combustion  chambers 
holed  and  distorted.  Nos. 10, 11, 12  and  13 
nozzles  torn  and  distorted.  Compressor 
and  turbine  casings  holed  and  fractured. 
(See  Fig, 17(b)) 

100^  A 

(d)  Target  6.  Layout  4. 
Radius  2*0  ft. 

Impact  at  nonnal 
across  engine  axis. 

Oil  lines  to  rear  bearing  severed 

Nos. 1,9,10, 11, 12, 13, 14, 15  and  16 

combustion  chambers  holed  and'  distorted. 

ioq$  A 

1 Avon  RA2 .  Jet  Engine 

(a)  Target  5.  Layout  5. 
Radius  33ft. 

Lnpact  at  normal 
along  engine  axis 

5  holes  in  compressor  casing,  5  blades 
dislodged.  Primary  and  main  fuel  lines 
severed. 

Nos. 1,2,  and  8  combustion  chambers  holed 
and  damaged.  Turbine  shroud  ring  cut. 

100^  A 

(h)  Target  6.  Layout  5. 
Radius  33  ft. 

Impact  at  normal  45° 
across  engine  axis. 

Compressor  casing  holed  and  fractured. 

10  stator  blades  dislodged,  4  others 
damaged.  Fuel  lines  severed.  Nos. 

4,5  and  6  combustion  chambers  holed 
and  distorted. 

100^  A 

(c)  Target  8.  Layout  6. 
Radius  66  ft. 

Impact  at  normal 
along  engine  axis. 

L.P.  and  H.P.  fuel  lines  severed.  Rear 
part  of  flame  tube  cut.  Compressor 
casing  holed  and  cut,  7  stator  blades 
dislodged  and  8  rotor  blades  damaged. 

100^  A 

(d)  Target  9.  Layout  6, 

I  Radius  66  ft. 

I  In5>act  at  normal 

I  across  engine  axis. 

L 

L.P.  and  H.P,  fuel  lines  severed. 

Conpressor  casing  holed,  9  stator  blades 
dislodged  and  2  rotor  blades  damaged. 

100^  A 

-  14  - 

SECRET 


SECRET 


TECH.  NOTE:  MECH.  ENG.  261 

FIG.  I 


FIG. I.  WARHEAD  BEFORE  DETONATION 
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T.N.  M.E.  261 

FIG.  2. 


FIG.  2.  TARGET  LAYOUT  No.  I. 
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T.N.  M.E.Z6I 


FIG.  3. 


FIG.  3.  TARGET  LAYOUT  No.  2. 


S.M.E.82I97/R 
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FIG.4. 


FIG.  4.  TARGET  LAYOUT  No.  3 
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T.N.  M.E.  261 


FI6.S. 


FIG.  5.  TARGET  LAYOUT  No.  4. 


SM.E.82I99/R 
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FIG.  6. 


ELEVATION 


RG.  6.  TARGET  LAYOUT  No.  1 
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FIG.  7. 


ELEVATION 


FIG. 7.  TARGET  LAYOUT  No.  6. 
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FIG.8 


FIG.Sa.  LAYOUT  No.2  BEFORE  FIRING 
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TECH.  NOTE:  MECH.  ENG.  261 

FIG.9 


FIG.9a.  ROD  ENTRY 


FIG.9b.  ROD  EXIT 


FIG.9a&9b.  VALIANT  WING  (Table  2;  2a) 
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I  FIG.IO 
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TECH.  NOTE:  MECH.  ENG.  261 

FIG.  1 1 


s; 


FIG. I  la.  AFTER  FIRING 


FIG. I  lb.  AFTER  FIRING 

FIG. I  la  &  I  lb.  SPITFIRE  WINGS  {Table  2;  5a  &  5b) 
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TECH.  NOTE:  MECH.  ENG.  261 

FIG.  1 2 


FIG.  1 2a.  ROD  ENTRY 


FIG.  12b.  ROD  EXIT 

FIG.  12a  &  b.  LANCASTER  AIRCRAFT  OUTER  WING,  TANKS  EMPTY. 

(Table  2;  7a) 
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SECRET  TECH.  NOTE:  MECH.  ENG.  261 

FIG. 13 


FIG.  1 3b.  ROD  EXIT 

FIG.ISai  13b.  LANCASTER  AIRCRAFT  OUTER  WING, 
TANKS  EMPTY.  {Table  2;  7a) 


FIG.  1 3a.  ROD  ENTRY 
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SECRET 


TECH.  NOTE:  MECH.  ENG.  261 

FIG.  14 


FIG.  1 4a.  ROD  ENTRY  FIG.  14b.  ROD  ENTRY 


FIG.  1 4c.  ROD  EXITS 

FIG. 1 4a. 1 4b. 1 4c.  LANCASTER  AIRCRAFT  OUTER  WING.  TANKS 
7/8  ths  FILLED  WATER.  (Table  2;  7c) 
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TECH.  NOTE:  MECH.  ENG.  261 

FIG.  15 


FIG.  1 5b.  ROD  ENTRY  ON  LOWER  SURFACE  TARGET 
FIG.  1 5a  &  15b.  REPLICA  TARGETS,  “R4B”  (Table  2:8a&  8b) 
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FIG.I6 
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FIG.  1 6a.  ROD  ENTRY 


FIG.  1 6b.  ROD  EXIT 


FIG.I6a&l6b.  VICTOR  WING.  (Table  2;  9a) 
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TECH.  NOTE:  MECH.  ENG.  261 

FIG.  1 7 
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FIG.  17a.  DERWENT  JET  ENGINE  AFTER  FIRING.  {Table  2;  12c) 


FIG.I7b.  GOBLIN  JET  ENGINE  AFTER  FIRING.  (Table  2;  13c) 


FIG.  17a  &  17b.  JET  ENGINES  AFTER  FIRINGS.  {Table  2;  12c  &  13c) 
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